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COMPLETE SPECIFICATION 

Improvements in or relating to Visual In<ficating Deuces for 

Use in Aircraft 



We, S. Smith & Sons (England) Limited, 
a British Company, of Cricklcwood Works, 
Criddewood, London, N.W2, do hereby 
declare the invention, for which we pray that 

5 a patent may granted to us, and the method 
by which it is to be performed, to be par- 
ticularly described in and by the fdlowing 
statement: — 
The present invention relates to visual 

10 indicating devices for use in aircraft and is 
concerned in particular with such^ devices 
which are improvements in or modifications 
of those described and claimed in the com- 
plete specification filed in respect of cognate 

15 British Patent AppHcations Nos. 29280/57 and 
33451/57 (Specification No. 853,034). The 
invention is also concerned with aircraft con- 
trol cabins which are improvements in or 
modifications of those described and claimed 

20 in the said complete specification. 

The invention is concerned in particular 
with the arrangement of these visual indicat- 
ing devices in an aircraft control cabin for 
the purpose of imparting additional^ visual in- 

25 formation to a pilot whilst he is maintaining a 
continuous watch out of the aircraft tiirough 
a windscreen provided for that purpose, or in 
some instances whilst he is engaged in looking 
at other devices within the control cabin. 

30 Whilst this information may relate to any 
chosen quantities, the case in which the in- 
formation relates to the control of the aircraft 
in pitch and in bank is a particularly important 
and useful one. The invention is also con- 

35 cemed with the form of the indicating devices. 
According to the present invention an air- 
craft control cabin in whidi there is a wind- 
screen through which a pilot looks forwards 
in a general direction from the aircraft in 

40 operation, is provided widi a first visual indi- 
cating device capable of providing a moving 
optical stimulus in the form of one or more 

iFrice 4s. 6d.] 



light sources which may be made to move 
or appear to move along a line approximatdy 
parallel to said general direction^ the line 
lying within the periphery of the pilot's fidd 
of view and to one side of his line of sight 
when looking in said general direction» a 
second visusd indicatiilg device capable <^ 
providing a moving optical stimulus^ in the 
form of one or more light sources which may 
be made to move or to appear to move along 
a line lying transvers^ of said general 
direction, the line lying withm the top or the 
bottom of the periphery of the pilot's fidd of 
view when looking in said general diiecdan^ 
means for actuating the first visual ind ic a ti n g 
device to provide a moving optical stimulus die 
rate and direction 6f which are indicative of 
the magnitude and sense of any departure of a 
first quantity from a desired value and means 
for actuating the second visual indicating 
device to provide a moving optical sdmulus, 
the rate and direction of which are indicative 
of the magnitude and sense of any d^artore of 
a second quantity from a desired value. The 
general direction will usually be forwards frosn 
the aircraft and substantially paralld to its 
fore-and-aft axis. 

Pr^erably, the first visual indicating device 
is duplicat^j the duplicate visual Indicating 
devices lying one on dther side of the pilot's 
line of vision when lookmg in said genonl 
direction. The second visual indicating device 
may also be duplicated if required, die diqdi- 
cate visual indicating devices lying one at the 
top and one at the bottom of the periphery of 
the pilot's fidd of view when lookmg in said 
genoal direction. The visual indicating devices 
will usually be arranged so that the lines of 
movement are horizontal when the aircraft 
is in levd fli^t. It will be appredated, how- 
ever, that they may He only approximatdy 
horizontal, for example at an^es of 5*" to 
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the horizontal or more, and that in addition craft from the centre of a radio-defined beam, 

they may be slightly curved. Further, the first If the datum heading set in the compass is 

indicating device or devices need not be that of the beam direction and we start with 

arranged so that the lines of movement are the aircraft on the correct heading but dis- 

5 exactly parallel to said general direction. They placed from the beam centre, the first signal 70 

may be only approximately paraJld to it, for would be zero and the second at some value 

example at angles up to about 20°, and where according to the displacement. This would 

there are two, they may, for example con- cause the aircraft to be banked to turn in 

verge away from the pilot at an angle to one such a way as to decrease the lateral displace- 

10 another, for example an angle of 20°— 40*'. ment and hence the second signal. Meanwhile, 75 

Where the second visual indicating device the first signal would increase in the oroosite 

(or one of them if it is duplicated) lies at the sense as the heading deviated from the datum 

bottom of the pilot's field of view when look- and would eventuily outweigh the second 

ing in said general direction, it will usually signal and cause the aircraft to be banked 

15 be arranged across the top <rf his instrument in the opposite direction so as to turn to bring 80 

panel. The first visual indicating device or it back towards the correct heading. The 

devices may also be at or near the same level lateral displacement would still be d^easing, 

and it is then possible for the indicating however, and eventually the aircraft vriU have 

devices to serve their intended purpose whilst been brought on to the correct heading with 

20 the pilot is observing instruments on the no displacement from the beam. 85 
panel, as they will still lie within the peri- Preferably, in such cases, where the first 

phery of his fidd of view. and second quantities are or are related to the 

One particularly i m p or tant case is that in aircraft's pitch and bank attitudes, the first 

which the first and second quantities are or visual indicating device or devices is or are 

25 are related to the aircraft's pitch and bank actuated so that the direction of movement 90 

attitudes respectively. In particular, the visual of the optical stimulus is forwards when the 

indicating devices may be actuated in depend- pitch attitude differs from a desired one in 

ence upon the magnimdes and sense of pitch such a manner tiiiat the aircraft's nose needs to 

and bank error signals which are derived res- be depressed (i.e. the angje of dive increased 

30 pectivdy from the differences between or the angle of climb decreased) and back- 95 

demanded and actual pitch attitude signals wards when a manoeuvre in the opposite sense 

and demanded and actual bank attimde sig- is required. Preferably, also, the second visual 

nals. In these cases, the demanded pitch or indicating device or devices is or are actuated 

bank attitude signis represent respectivdy so that the direction of movement of the mov- 

35 tiie desired value of pitch or bank attitude, ing optical stimulus is to the Irft <» to the 100 

The demanded attitude signals may simply right according as to whether the bank attitude 

represent demands for a fixed datum attitude, differs from a desired one in such a manner 

commonly that for strai^t and level flight, that the aircraft needs to be banked towards 

but they may be more complex and depend the left or towards the rigjit respectivdy. Tb& 

40 on two or more rdated variables. For example, opposite senses of movement may also be used 105 

a pitch demand signal may be a ccmibinadon but have been found in general to be less 

of a first signal demanding on its own Icvd a effective in operation, 
pitch attitude and a second signal which According to a feature of the present 

demands the pitch attitude to be varied so invention, apparatus for use in an aircraft 

45 that the aircran climbs or descends to reach a control cabin according to the present invcn- 110 

predetermined hd^t and then levds out to tion, comprises at least two visual indicating 

maintain that hdgjit. The first signal would devices, each of which comprises a cylindrical 

be a constant signal and the latter a signal which member mounted for rotation about its longi- 

would initially take some suitable value if tudinal axis and means for illmninating a oon- 

50 the aircraft is not at the predetermined hdght tinuous hdical area of at least two amplete 115 

and then decrease gradually to zero as the turns on the surface of the member, the menoh 

aircraft's hdght approach^ the predetermined ber being mounted in an endosure provided 

value owing to the change in the aircraft's with a slot exposmg a longitudinal strip of 

pitch attitude brought about by the signal, the surface of the member, actuating means 
55 Once the predetermined hd^t is reached, the for each device vMch means indudes a motor 120 

second signal will vary only by small amounts coupled to the device to cause rotation cS 
on dther side of zero if there is any tendency the member about its longitudinal axis in 
for the aircraft's hd^t to change. At the either sense and separate means for energismg 
same time, the pitch attimde will be main- each motor to drive the member at a vdodty 
60 tained levd as determined by the constant and in a sense dependent on the magnitude 125 

value of the first signal. and sense of an input signal, and means for 
In another example^ the bank demand sig- generating and applying to each said actuating 
nal may be a combination ctf a heading error means a signal dependent on the magnitude 
signal derived finom a compass and a signal and sense of the variation of a variable quantiqr 
65 representing the lateral deviation of die air- from a desired value. 130 
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The helical area should consist of at least 
two complete turns and preferably consists 
of between four and ten complete turns. The 
cylindrical member may have interlaced black 

5 and white helices on its surface and be illumin- 
ated generally so that the white hdix appears 
as an illuminated helical area. 

An example (tf an aircraft contrd cabin and 
apparams for use therein according to iht 

10 present invention will now be described with 
reference to the accompanying drawings in 

which: — . 

Figure 1 shows a block schematic diagram or 
the apparatus, , , 

15 Figure 2 shows a view of one mdicatmg 
device and 

Figure 3 shows a view of part of the cabin 
with three indicating devices mounted in 
position. J r u 

20 The apparatus to be described and of which 
a block diagram is shown in Figure 1, indndes 
three visual indicating devices 1 — 3 which arc 
shown diagrammatically in Figure 1 approxi- 
matdy as they appear in plan view when 

25 arranged in an aircraft cockpit to provide indi- 
cations to a pilot positioned in ±e region 
of the point P. When looking ahead out of 
the aircraft, the pilot would look in the direc- 
tion of the arrow shown in Figure 1 passing 

30 throu^ the point P. The devices 1—3 lie 
horizontally, assuming the aircraft to be in 
level flight and their vertical level is approxi- 
mately that of the top of the instrument panel 
(bottom of the windscreen) so that they lie 

35 in the bottom of the pibfs field of view when 
he is looking ahead out of the windscreai, the 
device 1 lying transversely of the direction in 
which he is looking and the devices 2 and 3 
approximatdy paralld to that direction (die 

40 angles are exaggerated in Fig. 1). 

The indicating devices 1 — ^3 are represented 
only diagrammatically in Figure 1, each am- 
sisting of a cylindrical member which may con- 
veniently be between four and twdve inches 

45 in lengi and about three quarters of an inch 
in diameter. The member has interlaced black 
and white helices painted on its surface, the 
resultant black and white bands bdng half an 
inch wide. The members are mounted for 

50 rotation about their longitudinal axes and each 
is contained within a case having a slot which 
allows a longitudinal strip of the surface of the 
member to be viewed from without. The width 
of the strip is about half the diameter of 

55 the members. The surfaces of the members 
are illuminated from within the cases and on 
rotation of a member the apparent effect to a 
person viewing tlurough the slot is of a num- 
ber of illuminated areas moving in one direc- 

60 tion or the other along die length of the slot. 
The apparent direction of motion depends 
on the direction of the rotation of the mem- 
ber and the speed is proportional to the speed 
of rotation. 

65 Figure 2 of the drawings shows a perspec- 



tive view of one of the devices, showing part 
of the surface of the cylindrical memba: 4 
visible through a longitudinal slot 5 in the 
cylindrical case 6 within which the member 
4 is mounted. The case 6 is supported from a 70 
further casing 7 v^ch contains an dectric 
motor for driving the member 4 and other 
assodated equipment which will be described 
in more detail bdow. 

Figure 3 of the drawings shows a view 75 
from behind the pilot's seat of one side of 
the front of an aircraft cockpit, there being 
shown the pilot's seat 8, the three indicating 
devices 1 — 3y parts of the vTindscreen 9 and 
of the instrmnent pand 10, and the control 80 
column 11. Where, as is usual in large trans- 
port aircraft, a co-pilot's seat and control 
column is provided, die devices 1 — 3 may be 
duplicated and the duplicate set being similarly 
arranged with reject to the co^ofs seat and 85 
the part of the windscreen 9 through which he 
normally looks. 

Turning bade to Figure 1, it will be seen 
that the cylindrical member of each device 
1 — ^3 is shovra coupled to the output shaft of 90 
an dectric motor 15, 16 or 17. These motors 
15—17 are mounted in the casings 7 (Figure 
2), mgedier vwth certam associated appar- 
atus used to assist in the control of the 
motors. In the case of the device Ij 95 
diis assodated control ^paratus indudies 
a tachometer generator 18 driven by the 
output shaft of the motor 15 to generate a 
voltage proportional to the speed of the motor 
15, a servo amplifier 19 for controlling the 100 
operation of the motor 15 vrtiich amplifier 
may be of any desired form for example a 
thermionic valve or magnetic amplifier, and a 
signal combining device 20 having two signal 
inputs and a single output which is coupled to 105 
the input of the amplifier 19. One of the inputs 
of the device 20 is coupled to the output 
of the tachometer generator 19 and the odter 
to an input line 21. As indicated by the plus 
and minus signs against the appropriate input 110 
leads to the device 21, the signals fed to it 
are in such senses as to subtract from one 
another to provide a difference dlgnal for 
application to die amplifier 19. This sign con- 
vention is used throughout Figiire 1 in res- 115 
pect of the several signal comhining devices 
included in it. 

By thus feeding back the output of the 
tadiometer generator 18 to the input of the 
amplifier 19 in opposidon to the signals on 120 
the line 21, the servo-control system for the 
device 1 constituted by the dements 15 and 
18 — ^20 operates to drive the device 1 at a 
speed propordonal to the magnitude of the 
input signal appearing on the line 21. . 125 

The input signal on the line 21 is a bank 
error sigiial which is obtained by comparing 
signds representing the aircraft's bank attitude 
and signals representing a demanded bank 
angle, the difference b^g used to generate 130 
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a signal for application to the line 21. As a demand, vMch may or may not indude ccan- 65 
result the speed of rotation of the cylindrical pass information, may be used, 
member in the device 1 will depend on this The tiiird input to the device 27 is coupled 
bank error signal and its sense on the direc- through a signal shaping circuit 35 to an out- 

5 tion of the bank error. For reas<ms which will put from a rate gyro 36 arranged to generate 
be explained, the sensing is made such that a signal representing the aircraft's roll rate, 70 
the areas of light seen through the slot 5 the signal being applied to the device 27 so 
(Figure 2) move to the left or the right accord- as to subtract from the bank demand signal 
ing as to whether the pilot is required to move on the line 28. The shaper 35 has a charac- 

10 the control column to the left or the ri^t teristic detarmmed in known maimer so that 
respectively to correct the error giving rise the output signal from the gyro 36 is applied to 75 
to the signal concerned. the device 27 only if the aircraft's rate of roll 

, , ^ , . exceeds a predetertnined value. This value is 

The bank error signal may be generated m ^ ^ ordinary manoeuvres no roll 

any desked manner and from a variety of sig- j^te signal is applied to tiie device 27, but so 

15 nal sources as is well known. An example ^^^^ ]f ^ i^^^ i,ank demand signal occurs, the 80 
of apparatus for this purpose is shown in resulting from die consequent 

Figure 1 as a block circuit diagram, tiiis application of a large bank an^e acts to 
apparatus together witii the similar apparatus oppose the bank demand signal and effectively 
described below for generating pitch error prevents the pilot, if he is manoeuvring the 

20 signals, constituting one or more units separate aircraft in response to the indications, from 85 
from the indicating devices shown in Figure over-banking, a fault which otherwise tends to 
2, and coupled to them by external leads. As ^ rapid movement suddenly appears 

shown, the apparatus includes a conventional ^ ^^^^^ i ^ sudden demand for 

gyro vertical 25 having a pick-off providing ^ jarge change of course. This may or may 

25 an electrical signal on line 26 rei^csenting |,e necessary g«-nrHitig to the character- 90 
the aircraft's angle of bank. This is applied to jgjj^g ^f the aircraft in which the apparatus is 
one input of a signal combining device 27. fitted, 

A bank demand signal is applied to a second xhe output from the device 27 is finally 
input of the device 27 over the line 28 in passed through a furdier shaping circuit 37 

30 the opposite sense to die bank angle signal. tj^^ input line 21 of the control system for 95 
This signal is derived from the output of a ^e device 1. The output of the device 27, 
fmther signal combining device 29, the output ignoring the occasional ^ect of the signals 
of which is coui>led to the line 28 through a f^Q^ j^^e gyro 36, is a true bank error 

conventional limiting circuit 30, provided to signal representing die difference between the 

35 prevent the bank demand signal exceeding a aircraft's bank angle and a demanded q"g^*^ of 100 
predetermined safe limit. bank. The shaper 37 has a diaractetistic such 

The device 29 has two inputs one coupled that the signals passed throu^ it are relatively 
to a compass system 31 in the akcraft, for attenuated if uiey are of small an^litud^ 
example a directional gyroscc^e monitored by this provision hdng made to reduce the seosi- 

40 a magnetic reference device arranged in tivity of the device 1 to small error signals 105 
known manner to provide a on ±e line which may arise due to turbulence or similar 

32 representing the deviation of the aircraft's factors. 

heading from a desired course and the other The apparatus provided for actuating the 
coupled to a three position switch 32. By two devices 2 and 3 is similar to that mr the 
45 means of the switch 32, the other input of the device 1. It Is arranged so diat the q^lmdrical 110 
device 29 can be left disconnected or can be members are rotated together at a speed 
coupled to an output of either an I.L.S. re^esenting a pitdi error signal, the sensing 
(instrument landing system) localiser receiver being such that the areas of illumination seen 

33 or a V.O.R. (V.HJF. omnirrange) receiver through the slots 5 appear to move forward or 

50 34. The signals ficom these outputs of the backwards according to whedier the |ulot 115 
receivers 33 and 34 are those which rqsresent needs to move the control cdumn forwards 
the lateral displacement of the aucraft from or badcwards respectively to correct the pitch 
a selected radio beam. It will be appreciated error giving rise to an indication. Each motor 
that other forms of radio apparatus may be 16 or 17 is energised by an amplifier 38 or 

55 arranged for selection by the switch 32 if 39 re^ectively and drives a tachonoeter gener- 120 
desired and that the two shown are sunply ator 40 or 41 in addition to the q^indrical 
commonly used examples. The signals apphed member (tf the device 2 or 3. The inputs of the 
to the two inputs of the device 29 are sensed amplifiers 38 and 39 are coupled to the out- 
additivdy so as to provide a combined bank puts of signal comhinmg devices 42 and 43 

60 demand signal, for example rqpresenting the respectively. In die case of the derioe 42, there 125 
aircraft's deviation from the course of a are two inputs, one coujded to the output 
selected radio beam and its latml displace- of the tachometer generator 40 and the omer 
ment from the centre of that beam. Altema- to the common input line 44 of die two servo- 
tivdy, any other means of computmg bank control systems (16^ 38^ 40 and 42) and (17, 
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39, 41 and 43) for the devices 2 and 3. The 
device 43, however, has a third input which 
is coupled to the rotor of a synchro-transformer 
45 which rotor is driven by the output 
5 shaft of the motor 17. The sutor of the trans- 
former 45 is coupled to the stator of a synchro- 
transmitter 46, the rotor of which is energised 
by a suitable alternating current voltage source 
46a and is driven by the output shaft of the 
10 motor 16. The signal applied to the device 43 
from the transformer 45 will be an altematmg 
current voltage (this may be converted to 
some other form of signal if required, for 
example to a D.C. signal by a demodulator) 
15 representing the difference of the positions 
of the output shafts of the motors 16 and 17. 
By fceduig this signal back to the input of 
the amplifier 39 through the device 43, the 
rotation of the members in the devices 2 and 
20 3 is controlled to be exactly equal. 

The signal applied to the common input line 
44 is a pitch error dgosl after passing through 
a shaping circuit 47, similar to the shaper 37 
in the bank circuits, the pitch error signal 
25 being obtained from die output of a signal 
combining device 48. One input of the device 
48 is coupled to a pitch signal pi(*-ofiE in a 
gyro vertical 49 (this may be the same appar- 
atus as the gyro vatical 25, the one gyro ver- 
30 tical being provided with both pitch and bank 
pick-ofiEs in known manner), providing sig- 
nals representing die aircraft's actual pitch 
attitude. This , is opposed by a pitch demand 
signal derived from the output of a further 
35 signal combining device 50 dirough a limiter 
circuit 51, provided to prevent the applica- 
tion of pitch demand signals greater than a 
predetermined safe limit. 
The device 50 has two inputs, the signals 
40 applied to which arc combined additivdy, one 
coupled to the output of a datum pitch atti- 
. tude setting device 52 and ±e other coupled 
to a three oosition switch 53 by a line 54. The 
switch 53*can be operated to leave the line 
45 54 disconnected, or to connect it to a hd^t 
error agnal generator 55, or the output of an 
I.L.S. recdver 56 rwresenting the devia tion m 
the vertical plane of die airraft from a pre- 
determined ^depath. The generator 55 may 
50 for example inchide in known manner 
a barometric pressure capsule and means 
for generating from the movements 
of the capsule an dectric signal repre- 
senting the aircraft's deviation from 
55 a datum hd^t which can be set by the pilot 
It will be appredated that die receiver 56 will 
usually be part of the same I.L.S. equipment 
as the recdver 33, the one ec^uipment operat- 
ing to provide the two required output sig- 
60 nals from ^he radio signals recdved by it 
from an I.L.S. localiser and g^idepadi trans- 
mitters and also that the switches 32 and 53 
may be ganged or interlodsed in some way to 
arrange that die two LL.S. signals are utilised 
65 together and diat such other combmations cf 



positions of the two switches as are permissible 
provide soisible combinations of izqiuts to the 
respective signal channels. 

Here, again, it will be seen that various 
other sources of signals may be included, if 70 
desired, for use ia generating the pitdi error 
signals in such a form as to give various 
modes of operation. For example, there may 
be provided sources of signals representing 
departure of the indicated air speed or the 75 
mach number from datum values, these quanti- 
ties dien bdng contrdled to die datum by 
variation of the aircraft's pitdi attitude in 
accordance with the mdications of the devices 
2 and 3, or sources of signals generated to give 80 
indications of die manoeuvres necessary to 
control the aircraft's pitch attitude to give 
a sdected rate of descent or dimb, car to indi- 
cate the pitch manoeuvres necessary to contrd 
the aircraft in accordance with I.L.S. or 85 
radio-altimeter signals to carry out die flare 
phase of a landing according to a predeter- 
mined programme. Altemativdy die pitch 
error signal may be computed from g^depath 
deviation signals alone. 90 

By arranging the devices 1 — 3 in the posi- 
tion shown in Figure 3, the moving optical 
stimuli produced by them in response to pitch 
and bank error signals lie within the periphery 
of the fidd of view of the pilot when he is 95 
lookmg ahead through the windscreen 9. It 
has been found, as described in our co-pend- 
ing cognate British Patent Applications Nos. 
29280/57 and 33451/57 (Specification No. 
853,034), that it is possible for the pilot to 100 
maintain un-impaired his normal fixated view 
forwards through the windscreen and yet to 
take full accoimt of the indications of the 
devices 1 — ^3, the moving stimuli acting, it is 
thought, on the extra-foveal r^ons of the 105 
eyes. The same applies if the pilot uses his 
fixated vision to observe the instrument pand 
10 and also if he looks in any o±er direction 
in the cabin such that the device 1 and one 
or both of the devices 2 and 3 lie in i» 110 
tovrards the periphery of his fidd of view. 
Thus if the pilot dects to make a landhig in 
bad visibility conditions by flying down an 
LL.S. beam under the control of dgnals 
derived from the IX.S. receiver or recdvers 115 
33 and 56 until the flare path lights are 
visible, he can maintain a continuous watch 
forward throu^ the vnndscreen whilst taking 
full account of the LL.S. signals by following 
the indications of the devices 1 — ^3. The 120 
awkward transition from instrument to visual 
flying which is odierwise required, is there- 
fore avoidoi as the pilot can maintain a con- 
stant watch for the aerodrome or its associated 
visud approach aids and can start to denye 125 
information from these when they come into 
view whflst still complying with the instru- 
mental demands, and can sdect at will the time 
to transfer control of the aircraft path txam 
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the instrumental demands to visual flying are prderably provided with a brightness 

without any awkward hiatus. adjustment, for example a variable resistance 

It is of course essential that the exact conneaed in series widi the lamps across 

arrangement of the devices 1 — 3 shown in the leads for connecting them to a voltage 

5 Figure 3 should always be followed and it supply source, to enable the pilot to adjust 70 
vrill be appreciated in particular that the the brighmess of the indications according to 
arrangement may be altered to suit the lay- the li^t conditions in the cockpit, for 
out of a particular cockpit. Assuming the main example to enable him to dim them to a suit- 
requirement is for the pOot to be able to able level at night. In addition, die slots 5 

10 watch ahead whilst making use of the indica- may be provided with spring loaded shutters 75 

dons, the device 1 may be positioned above arranged to be normally closed by the spring 

his forward line of si^t through the wind- loading and provided with an dectromagn^c- 

screen, or an addidoi^ bank error actuated ally operated mechanism to opoi them cmly on 

device may be provided in that posidon. The energisadon of the devices. The control dr- 

15 posidon across die top of die instrument panel cuit for this latter medianism mm indude 80 

is preferred, however, as it enables the devices vanous rday contacts controlled by rdays 

I — ^3 to be utilised whilst observing the panel which are operated to open the contacts, dius 

The devices 2 and 3 may be positioned as allowing die shutters to close, should various 

required on dther side of the pilot's line of fault conditions arise in the apparatus asso- 

20 view, and preferably at about we same levd dated widi the devices. Such fault conditions 85 
as die device 1. C^e of the devices 2 and 3 may for ezan^le indude failure (tf power sup- 
could be omitted but it Is found diat in prac- plies or failure a radio recdver output 
dee a symmetrical display is preferable. They when it is being employed as a signal source 
need not be paralld to the pilot's forward line for operation of one or more of the indicating 

25 of sight and indeed may ccmverge away from devices. 90 
him at angles of as much as 30'' — 40'' (this In an aircraft that is fitted widi an auto- 
angle is exaggerated in Fig. 1). Again the pilot, the indicating devices 1 — 3 can be used 
devices 1—3 need not be ezacdy horizontal, to operate as an auto^ot monitor, if they are 
although the divergence should not be more operated from signals derived from similar 

30 than a few degrees. sources to those being used to supply signals 95 

By positioning the devices 1 — ^3 horizont- to the autopilot. If the indicating devices are 

ally, or approximatdy so, assuming the air- operated from an independent set of signal 

craft to be in levd flight, the advantage is sources which are identical to and switdied 

obtained diat disturbance <^ the pilot's vision in accordance with the switching of the dgnal 

35 due to the turbulence, this bemg mainly in the sources provided for the autoiSot» the indi- 100 
vertical direction, will not give rise to false eating devices will operate whilst tht auti^ot 
indications from die devices 1 — ^3, the apparent is in operation to indicate whether the auto- 
movements of which are horizon^ or nearly pilot is in fact correcdy carrying out its 
so. intended functions as any error on dte part of 

40 As mentioned previously, the sensing of the autopilot will show as corresponding move- 105 
the movements in the device 1 is preferably ments in the indicating devices. These move- 
made such that the directi(m <^ movement, ments besides acting as a vraming^ also indi- 
to left or right, corresponds to the directicm of cate the acti<m recjuired to correct the au»>- 
movement of the control column required to pilot error. This vnH hdd whether the 

45 correct the error giving rise to the movement, the error arises m the autopilot itself or the 110 

Similarly in the case of the devices 2 and 3, signal sources assodated with it, dnce the 

it is made such that the movement is forwards indicating devices are operated horn an inde- 

or backwards according as to whedier the pendent set of signal sources. Should the 

control column needs to be moved forwards devices be coupled to the same sig^ sources 

50 or backwards. This sensing may not at first as the autopilot, the device vrall operate as a 115 

sight appear to be the most appropriate^ the uKmitcv only of the^ autopilot servo-amplifier 

opposite seeming on paper to be more logical channds and would itsdf give erroneous indi- 

''e.g. a left movement of the column to cor- cations if for eaeample a fault arose in a gyro 

rect a right movement in the device 1), but it vertical apparatus supplying signals to both. 

55 has been found that the sensing described is However, this limiting monitoring function 120 

preferable in operation, the control column can also be useful, particularly as a vraming 

movements re<juired in response to given of runway faults in^ the servo channds of the 

indications seeming instinctivdy correct to the autopilot and a simultaneous indication of 

majority of pilots. The opposite sensing may the control action needed to correct the result 

60 of course be employed, if required, but the one of die fault. 125 
described is preferred. Another possibility which arises here is 

The interiors of the cases 6 (Figure 2) are that the shutters of the devices 1 — 3 diould 

provided with lights capable of illuminating the be kept dosed as long as the autopilot is 

parts of the surfaces of the cylindrical mem- functioxiing correcdy, in those instdlations 

65 bers visible through the slots 5. These lights where independent monitoring arrangements 130 
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are provided, so that any movements occur- . be made to move or to appear to move along 
ring in die devices due to a fault vrould not a line lying transversdy of said general 
distract the pilot or mislead him into thinldng direction, the line lying within the top or die 
that the autopilot had malfunctioned. The bottom of the peripheiy of the pilot's field 

5 control circuits for the shutters can tben be of view wh©a lookmg in said general direc- 70 
combined with or actuated from the fault tion, means for actuating the fiiSt visual indi- 
waming circuits provided in the monitoring eating device to provide a moving optical 
arrangements so diat the shutters open imme- stimulus the rate and direction of which are 
diately a fault arises in the autopilot. In such indicative of the magnitude and sense of any 

10 a case the shutters are preferably arranged so departure of a first quantity from a desired 75 
thatj when they are closed, there is a small value and means for actuating the second visual 
opening left dirough which direct observation indicating device to provide a moving optical 
of the moving members within can be made, stimulus the rate and direction of whici are 
to enable the pilot to check the correct work- indicative of the magnitude and sense of any 

15 ing of the system and to control the bright- departure of a second quantity from a desired 80 
ness of the illumination, value. 

One particular form of indicating device has 2. An aircraft control cabin according to 
been described with reference to Figures 1 — ^3 Claim 1 in which tbe general direction is 
but it will be appreciated that o±er forms of forwards from the aircraSt and substantially 

20 device for providmg a moving optical stimulus, parallel to its fore-and-and axis. 85 
both the rate and direction of which can be 3. An aircraft control cabin according to 
varied, may be substituted for them. These either Claim 1 or Claim 2 in which the first 
other forms include those which represent visual indicating device is duplicated, the 
only a minor variation in that the memod of duplicate devices lying one on either side of 

25 obtaining a helical area of illuminati(m in or the pilot's line of vision when looking in said 90 
on the surface of a cylindrical member is general direction. 

dianged. Thus, instead of painting or other- 4. An aircraft control cabin according to 
wise marking black and white or, if required, Qaim 3 in which the lines of movement in 
other coloured helices on the smfaces of the the two first visual indicating devices con- 

30 members, the latter may be hollow and opaque verge avTay from die pilot. 95 
and be iUuminated from within, a helical slot 5. An aircraft control cabin according to 
being cut in the surface of each member, either Claim 3 or Claim 4 in which the actuat- 
Again the member may be transparent and be ing means for the two first visual indicating 
illuminated from vrithin, having opaque devices are synchronised so that the moving 

35 helices on their external surfaces. Yet again the optical stimulus prodtured by tlxise devices are 100 
member may have heilical areas which can be identical. 

excited to luminescence or dectrolumin- 6. An aircraft control cabin according to 
escence. any one of Claims 1 — 5 in which the second 

More radical changes are also possible, visual indicating device lies in the bottom of 

40 although the described devices are at present the pilot's field of view when looking in said 105 
preferred from the point of view of simplicity general direction and is arranged to He across 
and robusmess. Thus, as described in the the top of his instrument pand whereby it lies 
complete specification of cognate Applications in the top of his field of view when looking 
Nos. 29280/57 and 33451/57 (Specification at said pand. 

45 No. 853,034) vrith reference to Figures 1, 7. An aircraft control cabin according to HO 
2 and 4—7, each device may be a row of light any one of Oaims 1 — 6 in which the second 
sources which are sequentially energised or are visual indicating device is duplicated, the 
all energised, the row being moved longitudin- duplicating devices lying one at the top and 
ally in the required manner in the latter case, one at dae bottcxn of the pilot's fidd of view 

50 WHAT WE CLAIM IS: — when lookmg in said general direction. 115 

1. An aircraft control cabin in which there 8. An aircraft control cabin according to 
is a windscreen through which a pilot looks Claim 7 in which the actuating means for 
forwards in a general direction from tbe air- the two second visual indicating devices are 
craft in operation, and which is provided with synchronised so that the moving optica 

55 a first visual indicating device capable of pro- stimulus produced by tbose devices are 120 
viding a moving optical stimulus in die form identical. 

of one or more H^t sources which may be 9. An aircraft control cabin according to 
made to move or appear to move along a line any one of Qaims 1 — 8 in \duch the visual 
approximatdy parailld to said general direc- indicating devices are arranged so that the 

60 tion, the line lymg within the periphery of the lines of movement are horizontal when the air- 125 
pilot's fidd of view and to one side of his line craft is in levd flight, 
of sight when looking in said general direc- 10. An aircraft control cabin according to 
tion, a secoiui visual indicating device capable any one of Qaims 1 — 8 in which one or more 
of providing a moving optical stimulus in the of die visual indicating devices is or are 

65 form of one or more light sources whidi may arranged so that the line or lines of movement 130 
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is or are only appioximatdy horizontal when 
the aircraft is in level fli^ die remainder 
being horizontal. 

11. An aircraft control cabin according to 
5 any one of Qaims 1 — 10 in which the visual 

indicating devices each include a c^indrical 
member mounted for rotation about its longi- 
tudinal axis and means for radiating li^t 
from a continuous helical area of at least two 
10 complete turns on the surface of the member, 
the member being mounted in an enclosure 
provided with a slot ejqposing a longitudinal 
strip of the surface of the member. 

12. An aircraft control cabin according to 
15 Qatm 11 in which the helical area on each 

member has &Qm four to ten complete turns. 

13. An aircraft control cabin according to 
either H or Qatm 12 in which each 
cylindrical member has interlaced black and 

20 white helices on its surface and is illuminated 
generally so that the li^t is effectively radi- 
ated from the white helix. 

14. An aircraft control cabm accordmg to 
any one of Claims 11—13 on which the actu- 

25 adng means for each device includes an electric 
motor coupled to ^e device to cause rotaticm 
of the cyunddaal member about its longi- 
tudinal axis in dther sense and means for 
energising the motor to drive die member at a 

30 velocity and in a sense dependent on the 
magnitude and sense of an mput signaL 

15. An aircraft control caUn according to 
Claim 14 in which the motor is connected in 
a servo control system including an amplifier 

35 to which the input signal is applied, the out- 
put of the amplifier being applied to the 
motor, and a tachometer generator coupled 
to the output the motor for feeding back 
to the input of the amplifier a signal represent- 

40 ing the speed and sense off rotation of the 
motor. 

16. An aircraft control cabin according to 
any one of Qaims 1—15 in which the second 
quantity is or is related to die aircraft's bank 

45 attitude. 

17. An aircraft control cabin according to 
Qaim 16 in which die actuating means for the 
second visual indicating device or devices 
operate in dependence upon the magnitude and 

50 sense of an applied bank error signal repre- 
senting the difference between a demanded and 
the actual bank attitude of the aircraft. 

18. An aircraft control cabin according to 
Qaim 17 in which the demanded bank error 

55 signal is or is derived from the difference 
between a bank demand signal and an actual 
bank attitude signal. 

19. An aircraft control caUn according to 
Qaim 18 in which die l^nk attitude signal is 

60 derived from gyro vertical apparatus. 

20. An aircmt control cabin according to 
eidier Qaim 18 or Qaim 19 in which the 
bank demand signal is derived from one or 
more sources of signals which is or are opei> 

65 ative in flight to produce a signal varying in 



dependence upon the aircraft's course and/or 
position in such a manner as to represent a 
demand for the bank manoeuvres required for 
the aircraft to attain or maintain a predeter^ 
mined or selected path. 70 

21. An aircraft control cabin according to 
Qaim 20 in which there is more than one 
such source and there is provided switching 
means operable to sdect any one or a com- 
bination of said sources to provide signals 75 
for use in die generation of the baidc demand 
signal. 

22. An aircraft control cabin according to 
either Qaim 20 or Qaim 21 which indndes 

as one of such source a compass system having 80 
means for generating a signal representing the 
deviation of the aircraft's heading from tbit of 
a pre-selected course. 

23. An aircraft control cabin according to 
any one of Claims 20 — ^22 which includes as 85 
one such source a radio receiver adapted to 
produce signals, on receipt of radio beam 
signsds from one or more external transmitter;, 
representing the aircraft's lateral deviation 
from a selected radio-defined path. 90 

24. An aircraft control cabm according to 
any one of Qaims 1 — ^23 in which the first 
quantity is or is related to the aircraft's pitch 
attimde. 

25. An aircraft control cabin according to 95 
Qaim 24 in which the actuating means for 

the first visual indicating device or devices 
operate in dependence upon the magnimde and 
sense of an applied pitch enor s^nal lepzc- 
senting the difference between a dexnanded and 100 
the actual pitch attitude of d^ aircraft. 

26. An aircraft cantrol caUn according to 
Qaun 25 in which die demanded pitch error 
signal is or is derived from the dffierence 
between a pitch demand signal and an actual 105 
pitch attitude signaL 

27. An aircraft contnd cabin according to 
Qaim 26 in yMch the pitch attitude signal 
is derived from gyro vertical apparatus. 

28. An aircraft contrd cabin according to 110 
either Qaim 26 or Qaim 27 in whidi die 
pitch demand si^al is derived from one or 
more sources of signals which is or are <^era- 
tive in flight to produce a signal varying in 
dependence upon the aircraft's hdgbt and/or 115 
pitch attitude and/or speed in such a manner 

as to represent a demand for the pitch 
manoeuvres required for the aircraft to attain 
or maintain a predetermined or selected padu 

29. An airmft control cabm according to 120 
Qaim 28 in which ^ere is more than one 
such source and there is provided switching 
means operable to select any one or a coror 
bination of said sources to provide signals for 

use in the generation of a pitch demand signaL 125 

30. An aircraft control cabin according to 
either Qaim 28 or Qaim 29 which includes as 
one such souzce^ means for producing a oon- 
stant signal of adjustable magnitude^ repce- 
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senring a demand for a predetermmed pitch 
attitude. . 

31. An aircraft control cabm accordmg to 
any one of Claims 28—30 which includes as 

5 one such source, an altitude measuring device 
and means for generating a signal represeating 
the aircraft's deviation from a datum altiradc. 

32. An aircraft control cabin accordmg to 
any one of Claims 28—31 which includes as 

10 one such source^ a radio receiver adapted to 
produce signals, on receipt of radio beana sig- 
nals from one or more external transmitters, 
representing the aircraft's deviation in the ver- 
tical plane from a selected radio-defined gjide 

15 padi. 

33. An aircraft control cabm accordmg to 
any one of Claims 28—32 which includes as 
one such source^ an airspeed or Mach nuDober 
measuring device and means for generating a 

20 signal representing the deviation of the air- 
speed or the Mach number from a datum 
value. ^ . „ 

34. An aircraft control cabin substantially 
as hereinbefore described with reference to the 

25 accompanying drawings. 

35. Apparatus for use in an aircraft control 
cabin according to any one of Claims 1—34 
tiie apparatus comprising at least two visual 
indicating devices, each of which includes a 

30 cylindrical member mounted for rotation about 
its longitudinal axis and means for radiating 
light from a continuous helical area £i at least 
two complete turns on the surface of the 
member, tiie member being mounted in an 

35 enclosure provided with a slot e:q>osing a 
longitudinal strip of the surface of tie mem- 
ber, actuating means for each device which 
means includes an electric motor coupled to 
the device to cause rotation of the member 

40 about its longitudinal axis in either sense and 
separate means for energising each motra: to 
dnve die member at a velocity and in a sense 



dependent on the magnitude and sense of an 
input signal, and means for generating and 
applying to each said actuating means a signal 45 
dependent on die magnitude and sense of the 
variati<m of a variable quantity from a desired 
value. 

36. Apparatus according to Qaim 35 ia 
which the helical area on each device has 50 
from four to ten complete turns. 

37. Apparatus according to either Claim 35 
or Claim 36 in which die cylindrical member 
has interlaced black and white helices on its 
surface and is illuminated generally so that light 55 
is effectively radiated from the white hdix. 

38. Apparatus according to any one of 
Claim 35—37 in which the signal generating 
means associated widi at least one of the 
devices is adapted to generate a bank error 60 
signal representing the difference between a 
demanded and ±e actual bank attitude of the 
aircraft and that associated with at least one 
other of the devices is adapted to generate a 
pitch error signal representing the differ«ice 65 
between a demanded and the actual pitch 
attitude of the aircraft. 

39. Ajpparatus according to Qaim 38 in 
combination with an automatic pilot for con- 
trolling aircraft, the signal generating means 70 
being identical with signal generating nieans 

in ±e autopilot or being the same signal 
generating means as are provided on the auto- 
pilot whereby the indicating devices can pro- 
vide, in operation, warning of incorrect oper- 75 
ation of me autopilot. 

40. Apparatus for use in an aircraft con- 
trol cabin substantially as hereinb^ore des- 
cribed with reference to the acconq)anying 
drawings. 

For the Applicants: 
E. SWINBANK, 
Chartered Patent Agent. 



PROVISIONAL SPECIFICATION 
Improvements in or relating to Visual Indicating Devices 



We, S. Smtth & Sons (England) Limited, 
a British Company, of Cricklewood Works, 
Cricklewood, London, N.W.2, do hereby 
declare this invention to be described in die 

85 following statement: — 

The present invention relates to visual indi- 
cating devices and is concerned in particular 
with such devices whidh are improvements in 
or modifications of diose described and claimed 

90 in the complete specification filed in respect 
of cognate British Pateut Applications Nos. 
29280/57 and 33451/57. The invention is 
also concerned with vdiide control cabins, and 
especially aircraft control cabins which are 

95 improvements in or modifications of those des- 
cribed and claimed in the said complete 
spedfication. 



In particular, the invention is concerned 
with the arrangement of visual indicating 
devices in aircraft control cabins for the pur- 100 
pose of impairing additional visual informa- 
tion to a pilot wMlst he is maintaining a con- 
tinuous watch out of the aircraft through a 
windscreen provided for that purpose, or in 
some instances whilst he is engaged in looking 105 
at other devices within the control cabin. 
Whilst this information may relate to any 
chosen quantities, the invention is particularly 
concerned with tihc case in which the informa- 
tion relates to the control of the aircraft in 110 
pitch and in baok. 

According to the present invention the 
pilot's cabin of an aircraft m which there is 
a windscreen through which the pilot looks 
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forwards from tlie aircraft in operation is pro- 
vided with a first visual indicating device cap- 
able of providing a moving optical stimulus in 
the form of one or more light sources which 
5 may be made to move or appear to move along 
a line approximately pardlel to said general 
direction, the line lying in the periphery of 
the pilot's field of view and to one side of his 
line of sight when looking in said general 
10 direction, a second visual indicating device 
capable of providing a moving optical 
stimulus in the form of one or more light 
sources which may be made to move or to 
appear to move along a line lying transversely 
15 of said general direction, the line lying in the 
top or the bottom of the periphery of the 
pilot's field of view when looking in said 
general direction, means for actuating the 
first visual indicating device to provide a mov- 
20 ing opticsd stimulus the rate and direction of 
which are indicative of die magnitude and 
sense of any departure of a first quantity from 
a datum value and means for actuating the 
second visual indicating device to provide a 
25 moving optical stimulus the rate and^ direction 
of which are indicative of the magnitude and 
sense of any departure of a second quantity 
from a datum value. The general direction will 
usually be forwards from the aircraft and sub- 
30 stantially parallel to its fore-and-^ axis. ^ 
Preferably, the first visual indicating device 
is duplicated, the duplicate visual indicating 
devices lying one on either side of the pilot's 
line of vision when looking in said general 
35 direction. The second visual indicating device 
may also be duplicated if required, the dupli- 
cate visual indicating devices lying one at the 
top and one at the ^ttom of A^e periphery of 
the pilot's fidd of view when lookmg in said 
40 general direction. The visual indicating devices 
will usually be arranged so that the lines of 
movement are horizontal when the aircraft is 
in level flight It will be appreciated, however, 
that tiiey may lie only approximately hori- 
45 zontal, for example at angles of 5** to the 
horizontal or more, and that in addition they 
may be slightiy curved. Further, the first indi- 
cating device or devices need not be arranged 
so that tiie lines of movement are exacdy 
50 parallel to said general direction. They may 
be only approxmiateily parallel to it, for 
example at angles up to about 20°, and where 
there are two, they may, for example, con- 
verge away from the pilot at an angle to one 
55 another, for exampl can an^e of 20°— 40". 
Where the second visual indicating device 
(or one of tiiem it is duplicated) lies at the 
bottom of the pilot's field of view when look- 
ing in said general direction, it will usually 
60 be arranged across the top of his instrument 
panel. The first visual indicating device or 
devices may also be at or near the same level 
and it is then possible for the indicating 
devices U) serve their intended purpose whilst 
65 the pilot is observing instruments on the 



panel, as they will still lie in the periphery of 
his field of view. 

One particularly important case is that in 
which the first and second quantities are or are 
related to pitch and bank manoeuvre demand 70 
signals respectively. Preferably, in such a case, 
the first visual indicating device or devices is 
or are actuated so that the direction of move- 
ment of the optical stimulus is forwards when 
a pitch manoeuvre demand signal requires 75 
that the aircraft's nose shall be draressed (i.e. 
the angle of dive increased or me angle of 
climb decreased) and backwards w^en a 
manoeuvre in the opposite sense is required 
Preferably, also, the second visual indicating 80 
device or devices is or are actuated so that die 
direction of movement of the moving optical 
stimulus is to the left or to the ri^t accord- 
ing as to whether a bank manoeuvre demand 
signal requires that the aircraft be banked 85 
towards the left or tovrards the right respec- 
tively. The opposite senses of movement may 
also be used but have been found in general to 
be less elfective in operation. 

As e^lained in said complete specification, 90 
the signals for actuating the visual indicating 
devices may be derived from any of a variety 
of sources, signals from which may be com- 
bined and/or modified in any suitable manner 
to derive signals suitable for actuating die 95 
indicating devices. For example, tiie jritch 
manoeuvre demand signals for actuating a 
visual indicating device or devices associated 
with control in pitdi may be derived inter 
alia from a barometric device providing sig- 100 
nals representing the departure of an air- 
craft's bei^t from a datum wlue, from a 
gyro-vertical apparatus operating to provide 
signals representing the departure of the air- 
craft's pitch attitude from a datum valuer or 105 
from a directional radio apparatus to provide 
a signal representing the departure of the 
aircraft from a selected g}ide path. Again the 
bank manoeuvre demand signals for actuar-. 
ing a visual indicating device or devices asso- 110 
dated with control in. azimuth may be derived 
inter alia from a device producing sigxials 
in accordance with the deviation of the air- 
craft's heading from a preselected heading, 
gyroscopic apparatus providing signals rqjre- 115 
senting the departure of the aircraft's attittide • 
in bank from a datum value or directional 
radio apparatus providing si^ials in accord- 
ance with deviation of the aircraft to one side 
or another of a radio defined path. In par- 120 
ticular, the arrangements for actuating the 
visual devices may be as described with 
reference to Figure 1 of the drawing accom- 
panying said complete specification. 

The visual indicating devices are preferably, 125 
but not necessarily similar to those described 
with reference to Figure 3, taken in combina- 
tion with Figure 1, of the drawings accom- 
panying the aforesaid complete specification. 
In these devices a cylin&cal member is 130 
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arranged so that there is a hdical area on its 
surface which is illuminated so that, when the 
cylindrical member is caused to rotate about 
its longitudinal axis, there is provided the 
5 appearance of a number of areas of illumina- 
tion moving lengthwise along dae surface of 
the member. 

As shown in Figmre 3 of the aforesaid com- 
plete spedfication, the cylindrical member is 
10 hollow and has a helical slot cut in its surface 
and has a light source mounted within it. In 
an alternative construction, the cylindrical 
member may have interlaced black and white 
helices on its external surface, the member 
15 being enclosed in a casing having a slit 
through which a longitudinal strip of the sur- 
face of the member can be viewed. The siff- 
face of the member is illuminated from within 
the casing and on rotatioUj when viewed 
20 through the slit, provides the appearance of 
a number of light sources moving along the 
length of the slit. In a typical case, the mem- 
ber may, for example, be some eight or twelve 
inches long and about three-quarters of an 
25 inch in diameter and have interlaced black 
and white helices on its surfaces, the turns of 
which are half an inch v?ide and have a pitch 
of one inch. . 
Other constructions may be used to obmn 
30 a ^m\)aT eflEect. For example, the cylmdrical 
member may be a frosted glass tube with a 
black helix painted on its surface, the tube 
containing a filament for illumination pur- 
poses, or an dectroluminescent tube similarly 
35 arranged so that on energisation, it has a 
helical area of Illumination on its surface. 
Other types of indicating device, capable of 



providing a moving optical stimulus, for 
example those described with reference to 
Figures 1, 2, 4 and 5 of the aforesaid com- 40 
plete specification may also be used if 
required. 

The light sources, the movement or 
apparent movem^t of which provide the 
moving optiod sDmulus of the indi^dng 45 
devices may of course be sources of emitted, 
transmitted or reflected li^t. 

Where the indicators are fitted in an aircraft 
which is also fitted with some fwm of auto- 
pilot, it may be arranged that, when the auto- 50 
pilot is in operation, £e indicatxurs are coupled 
to the signals by v^cb it is actuated in such 
a way that there will be actuation of the indi- 
cators in the event erf a fault arising in the 
autopilot, the direction and rate of movement 55 
indicating the manoeuvres* required to return 
the aircraft to the desired attitude and course. 
The indicators may also be arrangied so that 
they can be linked in a similar manner to an 
instrument flight director system so that the 60 
indicaticms given by diem are compatible with 
those of the flight director system. 

By arranging all the devices so tl^t the 
direction of movement is along lines whidh ^e 
horizontal or approximately so when the air- 65 
craft is in level flight, bumping of the air- 
craft by vertical gusts in turbulent conditions 
will have little effect on a pilot's ability 
accuratdy to observe any indications provided 
by the devices. '^^ 

For the Applicants: 
E. SWINBANK, 
Chartered Patent Agent. 
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